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INTRODUCTION

During calendar year 1981 the research effort of this grant was devoted
primarily to three areas: (a) measurement of thermal properiies of asphaltic
concrete in the laberatory; (b) field tests performed to compare the results
of the measured temporal and spatial temserature field induced in an asphaltic
concrete pavement by a known energy input to those predicted by heat transfer
theory using the thermal properties measured in the laboratory results; and,

(c) a sensitivity analysis which indicated the influence of thermal properties
of the asphalt and the heat source on the predicted temperal and spatial temner-
ature field. Qeta1]s of each of these tasks are given below and typical results

are summarized.

LABORATORY MEASUREMENTS OF THERMAL PROPERTIES

A calorimeter used to measure the thermal conductivity and thermal
diffusivity of asphaltic concrete was designed and constructed specifically for
this research project. Because it is much easicr tc wcasuve thise piopertics
if the heat flow through the specimen is one dimensional, it was imoortant that the
radial heat loss through the cylindrical soecimen be minimal. To predict the radia.
hzat loss for several candidate designs, a computer code was developed to solvc |
the transent two dimensional heat transfer equation. It vas found that using a

14.6 cm diameter sample about 2.5 cm thick, radial heat losses wculd be well

within accentable tolerances using thz davice chown schematically in Figure 1. '~-§f,
(This device has a cooling base whicn is not shown in the Figure). Figure 2 E}

shows the ratio of radial to axial heat loss for the device as a function of radial
position in the sample. This Figure shown that the radial heat flow is essentially
he axidl {vertical) heat ‘bodéa
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zero at the center of the sample and lesc than 1,57 of
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flow at the edges. In the laboratory experiments, fluxes were measured at
%6 = (0.2 in the calorimeter where radial heat flow was less than 0.1% of the
axial flow. These statistics are well within ASTH guidelines,

The heat flow through the sample in the calorimeter was assumed to be

one dimensional thus making the analysis of the exoeriment much easier since

all derivatives with respect to the radius r in the equation

13 3T 3 3T _ aT
Fae tkrg) v g (kgz) = 60 o (1)
vanish and thus
2
CAL ot .
k 5’2—2— DCp 5t (U)
' 2 -
OY‘ ..a__;r_ = l _3_—1_. ("b)
BZZ ol t

In these equations, k is thermal conductivity, T is temperature, p is
density, r and Z are cylindrical coordinates, Cp'is specific heat, . is
thermal diffusivity (E%—), and t is time,

To find the conductivity, k, a steady state condition is attained in the
laboratory experiment so that derivatives with respect to t (time) vanish. Then,
k can be determined from Equaticn (2a) by measuring the temperature gradient

through the sample and the correspondinag heat flux 0.

With k known, the calorimeter can 21s0 be usad to find the ditfusivity

-

) if a transient t25t is run. The system is 7irst brought to steads statc

pe]
(el

u(=

and thgn the power to the upper heater {Figure 1) is increased. Tuc resuliing
increased heat flux into ine copper disk as well as the ten.:raturs of the disk
are recorded as 2 function of time. By solving Equation (Z0L) the transient
response to the heat flux buundary condition can be found., A computer coda nas
been developed to solve tha transient one dimensional energy equation usir. a
finite difference tachnigue. The computer coda uses the measured heat flux as a

bourdary conditicn ¢t the surface., The time scale of the test is skort encuoh so




that the sample appears to be semi-infinite; thus the temperature of the lower

face of the sample doas not change during the test. An initial quess for o s

made and the transient temuverature recponse is calculated. T1f the calculated
temparatures do not equal the measured termperatures, a is modified and another
trial is run. This proc2ss is vepeated until the final measured temoerature is
within 2% of the final calculated temperature.

The calorimeter was calibrated by measuring the thermal conductivity and
diffusivity of a standard pure substance, in 7Table 1 kelow are the measured k
values obtained at 3 different temperatures along with corresponding values cited

in the literature for fused silica.

TABLE 1

CALIBPATION OF CALORIMETER-CONDUCTIVITY
T(OC) Measured k(5§54 Literature k(ﬁgf) - % Error
25° 1.310 1.377 -4.9
60° 1.409 1.417 -0.6
85° 1.414 1.446 -2.2

The reliability of the calorimeter in measuring diffusivity can best be
illustrated by Figure 3. The transient temperature response of fused silica is
shown in the Figure along with the predicted response obtained using the known
(literature) value of = in the one dimensional heat transfer code. As can be
seen in Figure 3, the measured and predicted temperature-time response are very

close.

-h

JMith confidence in tna resulis obtained on samples with kncwn thermas
proz2rties in the calorirzier, tests were run to determine the thermal properties
of asghaltic concrete. CSz—ples were corza” from the pavement, sliced, and inserted

in 72 calorioeter and conduciivity and Jiffusivity values were obtained using

the orocedures describz atove.
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FIELD TESTS

The objective of tne field tests was to determine if the computer code
could be uscd to predict the temporal-snatial temperature field of an in si“u
asphaltic concrete pavement of known thermal propertiias when subjected to a known
thermal input. The thermal croparties of the asphaltic concrete were determined
as described above, Gut betore the field tests could be carried out, thermal
characteristics of the heat source had to be obtained.

A small portable propzne heater was used as the heat source in the field
tests. Heat is transferred to the pavement predominately by radiation and much
less importantly by convacticn. Convection effects can be neglected with little
loss of accuracy. The portable heater and the pavement can be modelled as two

parallel plate and the hesat transfer can be described as:

4 -4

{(H ) (3)
+ %_.- ]

H A

T

when T = temperature
e = emissivity
o = The Stefan-Boltzrmann constant. _
The subscripts H and A refer to the heater and asphalt surface, respectively.

The emissivity of asphalt varies 1little from a value of 0.9 (J. P, Holman,

Heat Transfer, McGraw-Hill Book Co., 1972). Then the emissivity of the heater

£y can be determined from Zg. 3 if the temperature and the heat flux, g, are
measured. This was done in Tiall experi.onts dnd Ty HAs wend to ke 0.4 for
T, in the range of 41C° to 3527¢. This wilue s well wit.ia th: range of that
reported for siz2el Halman, 1%72) =25 it should ba Lecause, o seen from belew,

the heat source s ::en mainly 2s shaet stooi.
Nod, with the thermal Chieractzrico ol 0fF the source oatar known, and the
thermal proparties ‘K und ~) 2t 5 particuiar point in a vovsmint determined in

tne Tab as explained in the nraceedi
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so that the measured temporal-spatial t2-nerature field could {2 cornared to
that predicted by the one dirensincnal <orputer cods,

1

Fiqure & shows typical comparison results for the temparature of

“*

h

g8

surface of asphalt when subjectez to tho heater at TH = 48570 for 860 seceonds at
which time the heater was removed and fnz navement surface was insulated
agreerent between predictad and gzservec sarface teaperatures was witnin £0¢
for th2 duration of the test.

Figure 5 is a comparison o7 the i 2asured and predicted tompereture
history at a deptn of 3.2 c¢m beiow tha cavement surface. Tne neater femnarature,
Th’ Was QSSOC and the heat source was ramoved and the surface insulaetsd afier

500 seconds. The difference between pradicted and cobserved torperatures ywas

... =0 .
witnin 7°C at all times.

SENSITIVITY AMALYSIS

Tne temporal-spatial temperature 7ield in asphaltic cor-rete cdepends on
5 marameters (for a radiant heat sourcz,.: the terpezrature of the heat source,

T.,; the emissivity of the heater, €.; Ihe emissivity of asphalt, ¢,; the dif-

fusivity of the asphaltic concrete, «, znd; the conductivity of the asshaltic con-

~h
D
s8]
o]
N

crete, k. To deterrine the offe

[}

t o of these 5 variabies on the temrerature

fizid, & ¢f the variables were n2ld ¢272%2nt while the 5th was variz ' from a

(@]

i

NC™inai 1.e. ropresanrative Vi, TRo oczarcpature at the surface F the aschaliio
concrane 1. owas usod as tne denarZant Looizcie for purposes of iliusoeition. " The

SN B £ ~ vl L [ o PN - 0 apmnamEdaraTe
infliznna of 7., &, avi % are shgur in Tionres 6, 7, and 3, respactively
=l ! i k4 b * I

"none2ter source tamperniuo2 T, has oa larqe influencz on TA (Fiaure 6).

Tnis 15 LocLuse surrace neat Fhooo s Szialy by radiction nd Ts oproporticnat 0
e . o Cr .
o = v.). The heat source t-mgeriturs ust be measured within avcuz + 17°C to

. . (0] . -
¢c*ain 3 + 57°C accuracy in T..
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Figure 7 shows that tne change in surface terperature is alimst directly
proportional to a charge in source eissivity £y A+ 105 variation in the
source enissivity yields a + 8% chance in TA'
The effect of the conductivity, k, on the surface temperature is shown in

Figure 8. The higher the value the

-t

aster thne heat flow through the asphalt and
thus the lower the surface temperatura. After the heat source is re-pved, the
highar the x the more rapidly the drco in TA because tne hzat flows 4own throuzn
the asphalt faster. An increase in k by 105 causes a decrease in TA of about
8.5%; conversely, a decrease in ¥ by 107 results in an increase in surtacs temper-
ature of about 8.5,

Sensitivity studies showed tnhat the surface temperature TA vas rather
insensitive to a, the diffusivity. The thermal diffusivity need onivy be rmeasured

to within + 257 to obtain a + 5% accuracy in predicting temperature resporse.

=

SUMMARY

A modified colorimeter has been ceveloped to measure the thermal conduct-
ivity and thermal diffusivity of asphaltic concrete, Calibration of the czlorimeter
with a substance of known thermal properties (fused silica) indicated that tie
calorimeter performs well,

Thermal charactaristics of a fizid hea%zr were determined so that by de-
ternining the pavement thermal progertizs from lab tests the temnc.o2l-spatial
temperature field of an aschaltic connrete pavement could be prediciad., The
resuits of a2 preliminary series of fisld tesis were encouraging. The nredicted
and reasured surface temperaturzs were very close wnile the predictsd and -easured

o » . RN o -
tErnaratures with doptn wervz Cznzraliy within (77 of ona ancther,
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A sensitivity anaiysis of the thermal parametzrs usad in the onz dimensicnal
neat transfer computer code indicated that to predict the terporal-spatial
temparature field with accuracy and confidence it is necessary to have precise
values of the thermal conductivity and emissivity of aschaltic concrete and
source temperature and emissivity of the (radiant) heater. The thermal diffusivity

of the asphaltic concrete is not an imdoriant parameler,




